Introduction: Previous studies showed that Whole Body Vibration (WBV) is an effective modality for strength and power. WBV has many usages in training and rehabilitation. Core muscles have the central role in the stability of the spine and our daily activity; so, strengthening core muscles is essential. This study aimed to investigate the immediate effect of WBV on strength, endurance, and performance of core muscles in young, healthy females.
Introduction
hole Body Vibration (WBV) is a training modality that transmits the vibration to the body through an oscillatory platform [1] . WBV can be adjusted for more efficacies according to some parameters such as frequency, amplitude, duration, and position on the device. Previous studies showed that WBV could be effective in power, balance, strength, flexibility, and warm-up [2, 3] . So, W Modern Rehabilitation WBV is a mechanical modality that can be effective in muscles and neuromuscular such as core muscles and core stability.
Core muscles are composed of lumbopelvic and hip muscles. According to Kibler's definition, these muscles have "the ability to control the position and motion of the trunk over the pelvis and to allow optimum production, transfer, and control of force and motion to the terminal segment" [4, 5] . Core muscles have the main role in the stability of the spine in conjunction with neuromuscular control, ligaments, and osseous. Their role in the stability of the spine is seen in our daily activity; so, core strengthening can prevent and reduce the low back pain as this protocol is widely used in the clinics [6] .
One of the methods of increasing core stability is the use of WBV, which is of great importance nowadays. In previous studies, it has been proven that WBV increases strength and power, but no study has yet examined the effect of WBV on core muscles and evaluated its strength, function, performance, and endurance through the functional tests. This study aimed to investigate the impact of WBV with the semi-squat position on core muscles through functional tests.
Materials and Methods

Study participants
Twelve young, healthy females (Mean±SD age: 21.4±2.3y, height: 165.4±3.4m, weight: 60.16±7.5kg, and BMI: 21.8±2.3 kg/m 2 ) participated in this study. Voluntaries participated in this study with no history of acute or chronic low back pain, trauma, injury, or operation in the back, heart disease, epilepsy, hypertension, severe diabetes, kidney stones, and tumors, as well as no problem with the central nervous system.
Study design
This study was a quasi-experimental interventional study. After the approval of this study by the Ethics Committee of Tehran University of Medical Sciences, the participants entered the study after filling the consent form and the questionnaire. In this study, the participants were evaluated three times: before, immediately, and 30 minutes after the intervention through the functional tests. Core muscles were evaluated through functional tests such as Vertical Jump (VJ), Front Abdominal Power Test (FAPT), Pressure Biofeedback (PB), Trunk Flexor Endurance Test (TFET), and Trunk Extensor Endurance Test (TEET). All of the tests were repeated three times and separated by ten seconds rest. The average of numbers was calculated as the final number.
Core stability tests
The Vertical Jump (VJ) test started from the squat position with 60 knee flexion near the wall. The subject jumped and recorded a point on the scaled page with his or her right hand (The third finger). The therapist calculated the distance of two points. The first point was the length of the person from the ground to arise hand (The third finger), and the next one was the touched point after jumping.
Pressure biofeedback (PB) Strength measurement was performed by placing a bag of PB device under the back of the subject. The subject was placed in crook-lying position, and the PB device was positioned near the Posterior Superior Iliac Spine (PSIS), while was adjusting on 40mm Hg. Then, he or she was asked to perform posterior pelvic tilt and to hold it for three to five seconds. The test was taught and repeated in the event of a mistake. Trunk extensor endurance test (TEET) is one of the McGill endurance tests that evaluates the endurance of extensor back muscles [4] . The subject was placed in the prone position while the trunk and upper extremity were out of the table. Pelvic and shin were fixed by the belt and hands were placed on the chair; then, he or she was asked to release the chair and cross the arms over the chest. The therapist calculated the length of endurance time by a chronometer.
Trunk Flexor Endurance Test (TFET) is one of the McGill endurance tests that evaluates the endurance of flexor abdominal muscles [4] . The subject was placed in crook-lying position and, then, leaned to the wedge in sitting position with 60˚ trunk flexion and 90˚ knee flexion. The feet were fixed by the belt; then, he or she was asked to hold the position without supporting wedge. The therapist calculated the length of endurance time by a chronometer.
The Study Intervention
For the intervention, Power Plate-Next Generation machine (The United States) was used. The subject stood on the center of WBV platform in a semi-squat position with 60˚ knee flexion while holding his/her hand from the handle of WBV for five times in 60 seconds separated by 30 seconds rest [7, 8] . The goniometer was used to accurately measure the angle of the knee in semi-squat position on a WBV device. The parameters of WBV included the frequency of 30 Hz, the amplitude of four mm, and the peak acceleration of 14.8g through the following formula [7, 9] :
Data analysis
The obtained data were analyzed in SPSS V. 17. The Kolmogorov-Smirnov test was used to evaluate the normality of the data (P>0.05). The repeated measures oneway Analysis of Variance (ANOVA) was used to assess the effect of WBV on core stability before, immediately, and 30 minutes after the intervention (P<0.05).
Results
WBV was useful in some variants leading to an increase in core stability (Figure 1 ). This augmentation was evident according to the PB test level of strength (P=0.002), FAPT test of throwing ball distance (P=0.002), and TEET test of trunk extensor endurance (P=0.02). However, for VJ and TFET tests, there was no significant effect after the intervention (Table 1) . Post hoc test analysis showed that core stability increased in some parameters as strength (P=0.004), throwing ball distance (P=0.03), and trunk extensor endurance (P=0.03) 30 minutes after the intervention. Also, an increase was observed in the FAPT test (P=0.02) immediately after the intervention.
Discussion
This study aimed to investigate the effect of WBV on core stability immediately and 30 minutes after the intervention. Different functional tests were used for a more accurate evaluation of core muscles. The main finding showed that WBV could be effective in some parameters of core stability, such as strength, function, and trunk extensor endurance. The results showed that 30 minutes after WBV, there were significant differences in FAPT, TEET, and PB test, but immediately after the intervention, all variables except FAPT had no significant changes. Fatigue was probably one of the reasons causing no changes in TFET and PB test shortly after the intervention, whereas the quantity of PB and TFET increased to some extent after 30 minutes on the intervention time. However, FAPT and PB evaluate anterior core muscles. The results showed that WBV could be effective in anterior abdominal muscles. Wirth et al. found significant improvement in abdominal muscles with WBV through Electromyography (EMG) [10] .
VJ is a useful test that measures the power and performance of muscles during a jump, and it has been used in many studies [2, 8, 11, 12] . Throughout this study, there was no significant change in VJT and TFET. Cochrane et al. and Cormie et al. reported that WBV was effective in VJ, flexibility, and warm-up. The difference between our and Cochrane's study was in the [12, 13] . Nevertheless, some studies disapproved the effect of WBV on VJ, performance, and isometric strength [2, 8, 14] . In Kurt et al. study, WBV was ineffective in VJ increase in well-trained combat athletes. Studies showed that WBV was more effective in muscles of well-trained athletes. However, it also depends on the parameters of WBV that must be adjusted according to the physical fitness of participants. Mechanical vibration excites the muscle spindles and alpha motor neuron, which causes Tonic Vibration Reflex (TVR).
Furthermore, the exposure of the WBV causes a repetitive eccentric-concentric contraction in the muscles that increases muscles metabolism. So, the mechanism of the acute effect of WBV on muscles is increasing temperature, metabolism of major muscles, and the cause of TVR. Thus, these factors can be effective in various parameters of muscles, including strength and function [1, 15] . Although some parameters of core stability increased in this study, there were some restrictions such as the absence of a control group and the low number of participants. Therefore, future studies are recommended to evaluate the effect of WBV on core stability, including the comparison of semi-squat position with other positions and the replacement of ordinary participants with athletes or males; considering the control group for this study is also suggested.
Conclusion
In conclusion, this study showed that WBV could be effective in core stability, in particular, for trunk extensor endurance, lumbar strength, and front abdominal power, but there was no significant effect in VJ and trunk flexor endurance. More studies are recommended to evaluate the effect of WBV on the core stability in strength, power, performance, and endurance of the muscles. 
